We have synthesized four iron-based oxyarsenide superconductors RbLn 2 Fe 4 As 4 O 2 (Ln = Sm, Tb, Dy and Ho) resulting from the intergrowth of RbFe 2 As 2 and LnFeAsO.
Lattice matching between 122-type RbFe 2 As 2 and 1111-type LnFeAsO (Ln = lanthanide elements, data taken from Ref. 16 ). Based on experimental results, the range for formation of RbLn 2 Fe 4 As 4 O 2 is marked by the shaded area, where a good lattice match of RbFe 2 As 2 and LnFeAsO is satisfied. The a parameters of CaFeAsH, 17 AeFeAsF (Ae = Ca, Sr and Eu), 18, 19 AtFeAsO (At = Np and Pu) 20, 21 and ThFeAsN 22 are put together for comparison. The horizontal axis denotes the ionic radii of Ae 2+ [coordination number (CN) = 8], Ln 3+ (CN = 8) and At 3+ (CN = 6). 23 Shown at the right side is the 12442-type structure composed of 122-and 1111-blocks.
As we previously pointed out, lattice match between the constituent crystallographic block layers is crucial to realize the designed structures.
3 So, let us first investigate the lattice-match issue. Fig. 1 HoFeAsO cannot be prepared at ambient pressure. In this paper, we report synthesis, crystal structure and superconductivity of the four new materials. Influences of crystal structure and lanthanide magnetism on T c are discussed.
EXPERIMENTAL SECTION
We attempted to synthesize seven target compounds RbLn 2 Fe 4 As 4 O 2 with Ln = Nd, Sm, Tb, Dy, Ho, Er and Y, by employing a solid-state reaction method, similar to our previous report. 13 The 24 The 12442-type structural model 13 was adopted to fit the XRD data in the range of 20
• . The occupation factor of each atom was fixed to 1.0. As a result, the converged refinement yields fairly good reliable factors of R wp = 2.96% (Ln = Sm), 2.98% (Ln = Tb), 2.46% (Ln = Dy) and 2.60% (Ln = Ho), and goodness-of-fit parameters of S = 1.18 (Ln = Sm), 1.01 (Ln = Tb), 1.14 (Ln = Dy) and 1.03 (Ln = Ho).
We employed a physical property measurement system (Quantum Design, PPMS-9) and a magnetic property measurement system (Quantum Design, MPMS-XL5) for the measurements of temperature dependence of electrical resistance and magnetic moments. A standard four-electrode method and the ac transport option were utilized for the resistivity measurement. Samples for the magnetic measurements were cut into regular shape so that the demagnetization factors can be accurately estimated. To detect superconducting transitions, we applied a low field of 10 Oe in both zero-field cooling (ZFC) and field cooling (FC) modes. The isothermal magnetization curves above and well below T c were measured. We also measured the temperature dependence of magnetic susceptibility up to room temperature under an applied field of 5000 Oe. Table 1 where the data of RbGd 2 Fe 4 As 4 O 2 15 is also included for comparison. expects that better lattice match would result in a more precise coincidence. However, the best coincidence is seen for Ln = Tb, albeit the lattice match is not the best (see Fig. 1 ).
RESULTS AND DISCUSSION
This can be explained by the charge homogenization which leads to an increase in a 122 , and simultaneously, a decrease in a 1111 . That is to say, the case of Ln = Tb actually represents the best lattice match, provided the charge-transfer effect is taken into consideration. As shown in Table 1 , indeed, the Fe−As1 and Fe−As2 bond distances (and other parameters including the As height and As−Fe−As bong angle) for Ln = Tb are almost identical. Noted also is that the difference, d Fe−As1 − d Fe−As2 , tends to decrease, and changes its sign, from Ln = Sm to Ln = Ho, which is in accordance with the data crossings at Ln = Tb in Fig. 3 . One of the striking properties in 12442-type superconductors is that the initial slope of upper critical field, |µ 0 dH c2 /dT |, is exceptionally large among IBS. for Ln = Tb, Dy and Ho. Note that the discrepancy for Ln = Sm (the experimental value of effective moment is much bigger than the theoretical one) is frequently seen, which is due to low-lying excite states with different J from the ground states.
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We found that the T c value in RbLn 2 Fe 4 As 4 O 2 remains unchanged (within ± 0.1 K), irrespective of sample's purity. This fact suggests that RbLn 2 Fe 4 As 4 O 2 is a line compound which bears the same hole-doping level of 25%, similar to the case in 1144-type superconductors. 9 Therefore, it is of meaning to study the possible factors that influence T c . Fig. 8 shows The lattice-size dependence of T c above contradicts with the case in AkCa 2 Fe 4 As 4 F 2 (Ak = K, Rb and Cs). 14 Therefore, lattice constants are not good parameters that control T c . In the AkCa 2 Fe 4 As 4 F 2 series, we found that the spacings of Fe 2 As 2 layers seem to be relevant:
T c increases with the decrease (increase) of intra(inter)-bilayer spacing, d intra (d inter ). Note that d intra and d inter also measure the thickness of the 122-and 1111-like blocks, respectively (see Fig. 1 ). For RbLn 2 Fe 4 As 4 O 2 , a similar relation appears, as shown in Fig. 9(a) . The slight deviation for Ln = Gd could be due to the large de Gennes factor of Gd 3+ as mentioned above. The observation of relationship between Fe 2 As 2 -layer spacings and T c suggests the role of interlayer coupling on superconductivity.
As far as a single Fe 2 As 2 layer is concerned, in fact, the structural correlations of T c are widely discussed in terms of the As−Fe−As bond angle, α, and/or the As height from the Fe plane, h As . [31] [32] [33] It is concluded that the maximum T c appears at α = 109.5
• or h As = 138 pm. As for RbLn 2 Fe 4 As 4 O 2 , we have two distinct As sites, which give two values for each parameter. It turns out that the difference in α or h As does not correlate with T c . We thus consider the average values, < α > and < h As > (this is reasonable because there is only one Fe site). Strikingly, a monotonic relation is found for both < α > and < h As >, as shown in Fig. 9(b) . No signature of T c optimization is evident at α = 109.5
• or h As = 138 pm. Invalidation of the correlations between T c and the geometry of single Fe 2 As 2 layer is also seen in AkCa 2 Fe 4 As 4 F 2 system, 14 which suggests that Fe 2 As 2 -layer spacings could be another structural parameter controlling T c .
CONCLUDING REMARKS
To summarize, we were able to synthesize the quinary RbLn layer, yet they are still lower than that of (Ba,K)Fe 2 As 2 which contains infinite Fe 2 As 2 layer. The widely accepted structural parameters related to T c , i.e.
As−Fe−As bond angle and As height from Fe plane, cannot account for the T c variation.
Instead, the Fe 2 As 2 -layer spacing seems to be an important factor controlling T c in 12442
systems. This suggests that interlayer couplings may play an additional role for optimization of superconductivity in IBS.
